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DETAILED ACTION 
Response to Amendment 

1. Applicants amendment, filed February 6, 2006, which amends claims 1 and 
9, cancels claims 17-31, and adds claims 32-25, has been entered. 

Claim Rejections - 35 USC §102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 
that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country 
or in public use or on sale in this country, more than one year prior to the date of application 
for patent in the United States. 

3. Claims 1-3, 6, 9-11 and 14 are rejected under 35 U.S.C. 102(b) as being 
anticipated by JEDEC Publication JEP139 (PTO-892, Page 1, NPL Reference "U"). 

JEP139 discloses an industry-standard method for evaluating the reliability of 
a semiconductor chip structure built by a manufacturing process (page 1, section 1, 
document describes a constant temperature (isothermal) aging method for.. .test 
structures on microelectronics wafers for susceptibility to stress-induced voiding; 
section 2.1, stress-induced voids in metallization levels cause resistance increases 
to shorten interconnect lifetime), the method comprising building a via chain test 
structure in accordance with a manufacturing process used in fabricating a 
semiconductor chip structure (page 4, section 3.2.1, selecting product wafers 
containing test structures to sample; page 6, section 3.3.4, multi-level metallization 
test structures) to test reliability of the semiconductor chip structure, wherein the 
test structure uses metal and dielectric materials having a mismatch in coefficient 
of thermal expansion (page 11, section 4.7, difference between the CTE of Al and 
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the surrounding oxide); and wherein building the test structure provides a uniform 
stress condition (predetermined strain value) on one or. more structures (the 
difference between the CTE of Al and oxide would inherently provide a uniform, 
predetermined stress condition); 

thermal cycling the test structure to induce changes or failures of the 
features (page 4, section 3.2.4, baking cycle induces via resistance changes); 
measuring the yield of the features of the test structure (page 4, section 3.2.4, test 
readouts), wherein the yield includes a relative number structures formed by the 
manufacturing process that are electrically active before thermal cycling (page 4, 
section 3.2.2, initial electrical measurements to ensure structure functionality); 

and evaluating the reliability of the semiconductor chip structure built by the 

manufacturing process based on the yield of the test structure (page 4, section 

3.2.5, report failures (read as yield) for each cycle readout; page 5, section 3.2.7, 

determine metallization lifetime at use conditions from stress data, read as finding 

use-condition lifetime data of the chip from the test structure stress data). 

Claim Rejections - 35 USC §103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject 
matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 
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5. Claims 4-5, 12-13, 32 and 34 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over JEDEC Publication JEP139 in view of Suzuki et al. (PTO-892, 
Page 1, NPL Reference "V"). 

a. Regarding claims 4-5 and 12-13, JEP139 discloses all of the elements 
of the claims as discussed above including building a via chain test structure 
in accordance with a manufacturing process used in fabricating a 
semiconductor chip, but the reference does not explicitly disclose building a 
dual damascene test structure with vias having conductive liners along the 
bottoms and sidewalls of the vias. 

Suzuki et al. teaches a method of measuring the stress-induced void 
reliability of dual damascene test structures with vias having conductive 
liners along the bottoms and sidewalls (page 229, "Experimental" section, 
TaN barrier deposited under the Cu via). 

It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use the Cu dual damascene via with a TalM 
barrier layer of Suzuki et al. as the test structure in the method of JEP139. 
One would have been motivated to do this because it was well known in the 
art that the industry-standard metal for interconnects had shifted from 
aluminum to copper due to the lower resistivity of copper, and it was 
conventional to form copper interconnects with a barrier layer using a dual 
damascene process (Suzuki et al., page 229, "Introduction" section). 

b. Regarding claims 32 and 34, JEP139 discloses all of the elements of 
the claims as discussed above including building a via chain test structure in 
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accordance with a manufacturing process used in fabricating a semiconductor 
chip, but the reference does not explicitly disclose building vias of a plurality 
of widths in the test structure. 

Suzuki et al. teaches a method of measuring the stress-induced void 
reliability of dual damascene test structures with vias having a plurality of 
widths (page 229, "Experimental" section, vias of varying diameter). 

It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use the vias of varying width of Suzuki et al. 
in the method of JEP139. One would have been motivated to do this because 
the stress-induced void failure rate of interconnects depends on via width 
(Suzuki et al., page 229, "Abstract" section). Since semiconductor chips use 
vias of varying width in their design, one would have been motivated to use 
a test structure with varying via widths to accurately model the failure rate of 
the product chip. 

6. Claims 7-8 and 15-16 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over JEDEC Publication JEP139 in view of Huston et al. (PTO-892, 
Page 1, NPL Reference "W"). 

JEP139 discloses all of the elements of the claims as discussed above 
including building a via chain test structure in accordance with a manufacturing 
process used in fabricating a semiconductor chip and evaluating the reliability of the 
semiconductor chip based on the yield of the test structure, but the reference does 
not explicitly disclose the test structures to have a bimodal failure distribution of 
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early and late fails during the thermal cycling test, and evaluating the reliability 
based on the early fails. 

Huston et al. teaches a method of reliability defect detection during 
processing, wherein the yield of a test structure is used to imply the product 
reliability for chips on the same wafer (page 271, col. 1). The reference discloses 
that a bimodal failure distribution having early and late fails is inherent in reliability 
modeling. This is because there are two failure modes during the useful life of a 
product: extrinsic failure (infant mortality, or early fails due to defects) and intrinsic 
failure (late fails due to random events). Wear-out is the final failure rate of a 
product, when it has reached the end of its useful life (page 268, fig. 1). 

Huston et al. further defines extrinsic defects in semiconductor chips to 
include interconnect defects that do not cause a completely open or shorted circuit, 
but rather "near opens" and "near shorts" that will fail early in the product life 
(page 269, col. 1-2), meaning failure shortly after it is received by the customer. 
The reference teaches using the extrinsic fails of test structures to model the 
reliability of semiconductor chips (page 268, "Abstract" section; page 270, col. 2; 
extrinsic failure Defect Level (DL) factor is used in the reliability modeling 
equations). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the extrinsic reliability model of Huston et al. to predict 
the reliability of the chip in the method of JEP139. One would have been motivated 
to do this because extrinsic failures are difficult to detect during functional yield 
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tests (Huston et al., page 269, col. 2), and therefore must be screened by reliability 
testing to prevent customers from receiving products with high early failure rates. 

7. Claims 33 and 35 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over JEDEC Publication JEP139 in view of Yao et al. VOL 

JEP139 discloses all of the elements of the claims as discussed above 
including building a via chain test structure in accordance with a manufacturing 
process used in fabricating a semiconductor, but the reference does not explicitly 
disclose building the test structure to include a dummy structure to provide a via 
density in an area of the semiconductor chip structure. 

Yao et al. teaches a via chain test structure used for stress-induced void 
reliability monitoring (col. 1, lines 13-37), wherein the test structure (fig. 1) 
includes a dummy structure (vias 110) to provide a via density in an area of the 
semiconductor chip structure (100; col. 3, line 66 - col. 4, line 62). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the dummy structure of Yao et al. in the test structure 
of JEP139. One would have been motivated to do this because forming a dummy 
structure to provide via density in an area of the semiconductor chip structure 
would have made the test structure more sensitive to resistance variation (col. 3, 
line 66 - col. 4, line 9), thus resulting in a more accurate detection of void 
formation (resistance shift) in the test structure and improving the reliability model. 

Response to Arguments 

8. Applicant's arguments with respect to claims 1-16 have been considered but 
are moot in view of the new ground(s) of rejection. 
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Conclusion 

9. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

a. Ryan x 587 discloses a method of evaluating the thermal stress 
migration reliability of a semiconductor chip, and teaches that stress 
migration is the mass transport of interconnect material in response to 
mechanical stress gradients present in the interconnect which result from 
thermal expansion coefficient mismatches between the metal layers and 
surrounding dielectric layers. The reference teaches a method of subjecting 
a Cu structure with a barrier layer to thermal cycling, determining the void 
distribution, and using the void data to determine the lifetime (reliability) of 
the interconnect structure. 

b. Fetterman et al. x 465, Wang x 383 and Werner et al. '901 disclose a Cu 
dual-damascene test structure with a barrier layer within a semiconductor 
wafer and method for evaluating stress-induced voids using the test 
structure, wherein thermal stress is applied and the via resistance shift due 
to void formation and/or delamination is measured. 

c. Langer et al. '786 discloses a Cu dual-damascene test structure with a 
barrier layer within a semiconductor wafer and method for evaluating stress- 
induced voids using the test structure, wherein thermal stress is applied and 
voids are detected with the use of an electron microscope. 

d. Fetterman et al. x 465 discloses a Cu test structure with a barrier layer 
within a semiconductor wafer and method for evaluating stress-induced voids 
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using the test structure, wherein thermal stress is applied and the via 
resistance shift due to void formation and/or delamination is measured. 

e. Graas et al. x 181 discloses a via chain test structure within a 
semiconductor wafer used evaluating stress-induced voids caused by thermal 
cycling. 

f. Chao et al. '350 discloses a method of performing a thermal stress 
cycle test on a semiconductor chip, and the reference teaches that thermal 
expansion coefficient mismatch between metals and dielectrics causes metal 
voiding and film peeling during thermal cycles. 

g. Nawa et al. (PTO-892, Page 1, NPL Reference "X") discloses a 
reliability study for coefficient of thermal expansion mismatching in a 
semiconductor chip via structure, wherein thermal cycling caused cracks in 
the interconnects discloses. 

h. Ogawa et al. (PTO-892, Page 2, NPL Reference "U") discloses a study 
of stress-induced voiding in Cu dual-damascene vias with a barrier layer, 
wherein thermal cycles caused interconnect void failures due to mismatches 
in thermal expansion coefficients of Cu and the surrounding dielectric. 

i. Graas et al. (PTO-892, Page 2, NPL Reference "V") discloses a 
correlation between via test structure resistance and product reliability, 
wherein early life failure rate models are used to predict product reliability, 
j. Hansen (PTO-892, Page 2, NPL Reference W W") and Papp et al. (PTO- 
892, Page 2, NPL Reference "X") disclose methods of performing product 
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reliability monitoring based on wafer-level test structures that are 
manufactured on the same wafer as product chips. 

10. Applicant's amendment necessitated the new ground(s) of rejection 
presented in this Office action. Accordingly, THIS. ACTION IS MADE FINAL. See 
MPEP § 706.07(a). Applicant is reminded of the extension of time policy as set 
forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire 
THREE MONTHS from the mailing date of this action. In the event a first reply is 
filed within TWO MONTHS of the mailing date of this final action and the advisory 
action is not mailed until after the end of the THREE-MONTH shortened statutory 
period, then the shortened statutory period will expire on the date the advisory 
action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be 
calculated from the mailing date of the advisory action. In no event, however, will 
the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

11. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Steven J. Fulk whose telephone number is (571) 
272-8323. The examiner can normally be reached on Monday through Friday, 
9:00am to 5:30pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Bill Baumeister can be reached on (571) 272-1722. The fax 
phone number for the organization where this application or proceeding is assigned 
is 571-273-8300. 
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12. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. . 
Status information for unpublished applications is available through Private PAIR 
only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR system, 
contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Steven J. Fulk 
Patent Examiner 
Art Unit 2891 



BRADLEY K. SMITH 
PROSARY EXAMINER 



March 24, 2006 



